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3 H DQR F RX QW WUH H V   3 WUH H V   DQG  UX O H  DV V RF L DWL RQ P L QL QJ  I RU
J H QH  H [ S UH V V L RQ S URI L O L QJ  RI  '1 $ P L F URDUUD\  G DWD
9DOGLYLD * UDQGD  : $      3 HUUL] R  :    / DUV RQ  ) DQG ' HF N DUG  (  /  
 ' HS DUWP HQW RI 3 ODQW 6F LHQF HV   / RIWV J DUG + DOO 2 IILF H    &   1 RUWK ' DN RWD 6WDWH 8 QLYHUV LW\ 
)DUJ R  1 '        8 QLWHG 6WDWHV  RI $ P HULF D
 ' HS DUWP HQW RI & RP S X WHU 6F LHQF H  / RIWV J DUG + DOO 2 IILF H    &   1 RUWK ' DN RWD 6WDWH
8 QLYHUV LW\   )DUJ R  1 '        8 QLWHG 6WDWHV  RI $ P HULF D
 ,QIRUP DWLRQ 7 HF KQRORJ \  6HUYLF HV   / RIWV J DUG + DOO 2 IILF H    &   1 RUWK ' DN RWD 6WDWH
8 QLYHUV LW\   )DUJ R  1 '        8 QLWHG 6WDWHV  RI $ P HULF D
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7 KH J UHDWHV W F KDOOHQJ H LQ P D[ LP L] LQJ  WKH X V H J HQH H[ S UHV V LRQ GDWD LV  WR
GHYHORS  QHZ F RP S X WDWLRQDO WRROV  F DS DE OH RI LQWHUF RQQHF WLQJ  DQG LQWHUS UHWLQJ
UHV X OWV  IURP  GLIIHUHQW RUJ DQLV P V  DQG H[ S HULP HQWDO V HWWLQJ V   :H S URS RV H DQ
LQWHJ UDWLYH DQG F RP S UHKHQV LYH DS S URDF K LQYROYLQJ  D ³ V X S HU F KLS ´  F RQWDLQLQJ
GDWD IURP  P LF URDUUD\  H[ S HULP HQWV  S HUIRUP HG RQ GLIIHUHQW V S HF LHV  V X E M HF WHG WR
K\ S R[ LF  DQG DQR[ LF  V WUHV V   $  S DWHQWHG GDWD P LQLQJ  WHF KQRORJ \  F DOOHG 3 HDQR
F RX QW WUHH 3 WUHH  LV  X V HG WR UHS UHV HQW J HQRP LF  GDWD LQ P X OWLGLP HQV LRQV 
( DF K V S RW RI D P LF URDUUD\  LV  S UHV HQWHG DV  D S L[ HO ZLWK LWV  F RUUHV S RQGLQJ  UHG
DQG J UHHQ IHDWX UH E DQGV   ( DF K E DQG LV  V WRUHG V HS DUDWHO\  LQ D UHRUJ DQL] HG  
V HS DUDWHG E 64   ILOH  ( DF K E 64  LV  F RQYHUWHG WR D T X DGUDQW E DV H WUHH V WUX F WX UH
3 WUHH  IURP  ZKLF K WKH ³ V X S HUF KLS ´  LV  UHS UHV HQWHG DV  H[ S UHV V LRQ 3 WUHHV
( 3 WUHHV   DQG UHS UHV V LRQ 3 WUHHV  5 3 WUHHV    7 KH X V H RI $ V V RF LDWLRQ 5 X OH
0 LQLQJ  LV  S URS RV HG DV  D P HDQ WR GHULYH P HDQLQJ IX O UX OHV  RI J HQH LQWHUDF WLRQ
DQG WR RUJ DQL] H V LJ QDO WUDQV GX F WLRQ S DWKZD\ V  WDN LQJ  LQ F RQV LGHUDWLRQ
HYROX WLRQDU\  DV S HF WV   :H DUJ X H WKDW WKH J HQHWLF  F RQV WLWX WLRQ RI DQ RUJ DQLV P
.  LV  UHS UHV HQWHG E \  WKH WRWDO QX P E HU RI J HQHV  E HORQJ LQJ  WR WZR GLIIHUHQW
J URX S V   7 KH J URX S  ; F RQV WLWX WHV  J HQHV  ;      ;Q   DQG WKH\  F DQ E H UHS UHV HQWHG
DV   RU   GHS HQGLQJ  RQ ZKHWKHU WKH J HQH ZDV  H[ S UHV V HG RU QRW  7 KH IX QF WLRQ
RI P DQ\  RI WKHV H J HQHV  LV  F RQV HUYHG DP RQJ  RUJ DQLV P V   7 KH V HF RQG J URX S  RI
< J HQHV  <    <Q  DUH H[ S UHV V HG RU UHS UHV V HG DW GLIIHUHQW OHYHOV   7 KHV H J HQHV
KDYH D ³ YHU\  KLJ K H[ S UHV V LRQ´   ³ KLJ K H[ S UHV V LRQ´   ³ YHU\  KLJ K UHS UHV V LRQ´  RU
³ KLJ K UHS UHV V LRQ´  OHYHOV   + RZHYHU  P DQ\  J HQHV  RI WKH J URX S  < DUH V S HF LH
V S HF LILF  DQG P RGX ODWHG E \  WKH S URGX F WV  DQG F RP E LQDWLRQ RI J HQHV  RI WKH
J URX S  ;   ,Q WKLV  S DS HU ZH LQWURGX F H WKH E 64  DQG 3 WUHH WHF KQRORJ \   WKH
E LRORJ LF DO LP S OLF DWLRQV  RI DV V RF LDWLRQ UX OH P LQLQJ  X V LQJ  ; DQG < J HQH J URX S V
DQG V RP H F X UUHQW DGYDQF HV  LQ WKH LQWHJ UDWLRQ RI WKLV  LQIRUP DWLRQ X V LQJ  WKH
% 5 $ ,1  DUF KLWHF WX UH
% L RO RJ L F DO  L P S O L F DWL RQV  RI  K \ S R[ L F  DQG  DQR[ L F  V WUH V V
$ GHT X DWH V X S S O\  RI R[ \ J HQ LV  HV V HQWLDO WR DOO KLJ KHU RUJ DQLV P V  IRU DQ
DGHT X DWH S URYLV LRQ RI HQHUJ \  DQG V X UYLYDO  2 [ \ J HQ V HUYHV  DV  WKH WHUP LQDO
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HOHFWURQ DFFHSWRU LQ WKHPLWRFKRQGULD R[LGDWLYH SKRVSKRU\ODWLRQ DQG LW LV D
VXEVWUDWH LQ VHYHUDO HQ]\PDWLF SURFHVVHV +RZHYHU FHOOXODU R[\JHQ
FRQFHQWUDWLRQ YDULHV GXULQJ RQWRJHQHVLV DQG LW LV GHSHQGHQW RQ GLIIHUHQW
HQYLURQPHQWDOFRQGLWLRQV+RZFHOOVVHQVHWROHUDWHDQGDGDSWWRK\SR[LFDQG
DQR[LFVWUHVVLVDFHQWUDOTXHVWLRQLQELRORJ\'HVSLWHWKHLPSRUWDQFHRIWKLV
SURFHVV LQ FHOO GHYHORSPHQW WKH LQIRUPDWLRQ DYDLODEOH UHPDLQV LQFRPSOHWH
5HFHQW SURJUHVV LQ XQGHUVWDQGLQJ WKH PROHFXODU EDVHV RI WKH HIIHFWV RI
UHGXFHG R[\JHQ FRQFHQWUDWLRQ LQ KXPDQV DQLPDOV DQG SODQWV KDV
GHPRQVWUDWHG FRPPRQ VHQVLQJ DQG WROHUDQFH SDWKZD\V :H DUJXH WKDW
DOWKRXJKWKHLQIRUPDWLRQIRURQHRUJDQLVPUHJDUGLQJWKHK\SR[LFVWUHVVPD\
EH OLPLWHG LQWHJUDWLQJ WKH GDWD IURP GLIIHUHQW H[SHULPHQWV SHUIRUPHG RQ
VHYHUDOVSHFLHVFDQSURYLGHDJUHDWGHDORILQIRUPDWLRQDQGPD\OHDGWRQHZ
GLVFRYHULHV
*HQRPLF UHVHDUFK XVLQJ '1$ PLFURDUUD\ KDV EHFRPH D FURVV
GLVFLSOLQDU\ HQGHDYRU LQZKLFK WKH RQH JHQHDWDWLPH LV UHSODFHG E\
WKH JOREDO DQDO\VLV RI WKRXVDQGV RI JHQHV 7KH UDSLG SURJUHVV LQ
PLFURDUUD\ WHFKQRORJLHV WKH FXUUHQW GDWD VWDQGDUGL]DWLRQ HIIRUWV DQG
WKH LQFUHDVLQJ DFFHVVLELOLW\ WR PLFURDUUD\ FKLSV DQG HTXLSPHQW KDV
PRWLYDWHGDJURZLQJFRQVHQVXV IRU WKHQHHGRISXEOLF UHSRVLWRULHVRI
ERWK PLFURDUUD\ LPDJHV DQG GDWD +RZHYHU PLFURDUUD\ WHFKQRORJ\
UDLVHV QHZ FRPSXWDWLRQDO DQG VWDWLVWLFDO FKDOOHQJHV LQFOXGLQJ  WKH
OLPLWHG FDSDELOLW\ RI FXUUHQW WRROV WR LQWHUURJDWH D ODUJH PLFURDUUD\
GDWDEDVH RU PXOWLSOH GDWDEDVHV JHQHUDWHG IURP GLIIHUHQW H[SHULPHQWV
DQGGLIIHUHQWVSHFLHVVHPDQWLFLQWHURSHUDELOLW\RIGLIIHUHQWJHQRPLF
GDWD V\VWHPVZKHUH HDFK V\VWHP RU REMHFW RI D V\VWHP FDQPDS LWV
RZQ FRQFHSWXDOPRGHO WR WKH FRQFHSWXDOPRGHO RI RWKHU V\VWHPV 
GDWD WUDQVIHU DQG GDWD FRPSUHVVLRQ LVVXHV DQG  WKH GHYHORSPHQW RI
QHZDOJRULWKPVIRUDEHWWHULQWHUSUHWDWLRQRIWKHELRORJLFDOSURFHVVHV
7KH  E 6 4  ) R U P D W  D Q G  W KH  3  W U H H  ' D W D  6 W U X F W X U H  I R U  0 L F U R D U U D \  ' D W D
7KHH[SUHVVLRQOHYHORIHDFKJHQHLVLQGLUHFWO\UHFRUGHGE\WKHPHDVXUHPHQW
RI WKH IOXRUHVFHQFH OHYHO HPLWWHG E\ HDFK G\H UHG JUHHQ DWWDFKHG WR WKH
F'1$ (DFK VSRW RQ WKHPLFURDUUD\ HPLWWLQJ D VLJQDO LV D SL[HOZLWK E\WH
QXPEHUUDQJLQJIURPWR'LIIHUHQWELWVFDQPDNHGLIIHUHQWFRQWULEXWLRQV
WR WKH YDOXHV WKDW DUH XVHG IRU JHQH H[SUHVVLRQ SURILOLQJ 7KHUHIRUH D
PLFURDUUD\LPDJHFDQEHRUJDQL]HGLQWRDQVHSDUDWHGELWVHTXHQWLDO E64
IRUPDW7KHLQWHQVLW\RIHDFKEDQGUHG JUHHQLVVWRUHGLQWZRVHSDUDWHGE64
ILOHV 7KH SULPDU\ NH\ DWWULEXWH RI WKH E64 IRUPDW FRQVLVWV RI WKH SL[HO
ORFDWLRQ[\FRRUGLQDWHVRIWKHVSRWRQWKHPLFURDUUD\DQGLWVFRUUHVSRQGLQJ
JHQH LGHQWLILFDWLRQ7KH VXEVHTXHQW DWWULEXWHV FRQVLVW RI WKHE64YDOXHV IRU
HDFKVLJQDO7KHUHDUHVHYHUDOUHDVRQVWRXVHWKHE64IRUPDW)LUVWGLIIHUHQW
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ELWV KDYH GLIIHUHQW GHJUHHV RI FRQWULEXWLRQ WR WKH LQWHQVLW\ YDOXH ,Q VRPH
DSSOLFDWLRQVZHGRQRWQHHGDOOWKHELWVEHFDXVH WKHKLJKRUGHUELWVJLYHXV
HQRXJKLQIRUPDWLRQ6HFRQGWKHE64IRUPDWIDFLOLWDWHVWKHUHSUHVHQWDWLRQRI
D SUHFLVLRQ KLHUDUFK\ 7KLUG WKH E64 IRUPDW IDFLOLWDWHV EHWWHU GDWD
FRPSUHVVLRQ7KLVSRLQW LV UHOHYDQW IRU WKH LQWHJUDWLRQRIJHQRPLFGDWD DQG
WKH SHUIRUPLQJ RI IDVWHU GDWD PLQLQJ DSSOLFDWLRQV )RXUWK DQG PRVW
LPSRUWDQWO\ WKHE64IRUPDWIDFLOLWDWHVWKHFUHDWLRQRIDQHIILFLHQWULFKGDWD
VWUXFWXUH GHQRPLQDWHG 3HDQR &RXQW 7UHH 3WUHH WKDW DFFRPPRGDWHV
DOJRULWKPSUXQLQJEDVHGRQDRQHELWDWDWLPHDSSURDFK7KH3HDQR&RXQW
7UHHLVDORVVOHVVWUHHUHSUHVHQWDWLRQZKHUHWKHURRWRID3WUHHFRQWDLQVWKH
ELWFRXQWRIWKHHQWLUHELWEDQGUHSUHVHQWLQJWKHPLFURDUUD\VSRW$WWKHQH[W
OHYHOHDFKTXDGUDQWLVSDUWLWLRQHGLQWRVXETXDGUDQWVDQGWKHLUELWFRXQWVLQ
UDVWHURUGHUFRQVWLWXWHWKHFKLOGUHQRIWKHTXDGUDQWQRGH7KLVFRQVWUXFWLRQLV
FRQWLQXHG UHFXUVLYHO\ GRZQ HDFK WUHH SDWK XQWLO WKH VXETXDGUDQW LV SXUH
HQWLUHO\ELWVRUHQWLUHO\ELWVZKLFKPD\RUPD\QRWEHDWWKHOHDIOHYHO
E\VXETXDGUDQW2XUDSSURDFKLVWRUHFXUVLYHO\GLYLGHWKHHQWLUHLPDJH
LQWR TXDGUDQWV DQG WKHQ UHFRUG WKH FRXQW RI ELWV LQ HDFK TXDGUDQW WKXV
IRUPLQJDTXDGUDQWFRXQWWUHH)LJ
)LJ5HSUHVHQWDWLRQRIJHQHH[SUHVVLRQOHYHOVLQDE64IRUPDW
:HJLYHDYHU\VLPSOHLOOXVWUDWLYHH[DPSOHZLWKRQO\GDWDEDQGVIRUD
PLFURDUUD\LPDJHKDYLQJRQO\URZVDQGFROXPQVERWKGHFLPDODQG
ELQDU\UHSUHVHQWDWLRQDUHVKRZQ)LJ
)LJ7ZREDQGVRIDURZFROXPQLPDJHDQGLWVE64IRUPDWV
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,QWKHH[DPSOHRI)LJWKHURRWOHYHOLVODEHOHGDV OHYHO7KHQXPEHUVDW
WKHQH[WWZROHYHOVOHYHODUHDQGDUHWKHELWFRXQWVIRUWKH
IRXUPDMRUTXDGUDQWV6LQFHWKHILUVWDQGODVWTXDGUDQWVDUHFRPSRVHGHQWLUHO\
RIELWVFDOOHGD³SXUHTXDGUDQW´ZHGRQRWQHHGVXEWUHHVIRUWKHVHWZR
TXDGUDQWV VR WKHVH EUDQFKHV WHUPLQDWH 6LPLODUO\ TXDGUDQWV FRPSRVHG
HQWLUHO\ RI ELWV DUH FDOOHG ³SXUH  TXDGUDQWV´ ZKLFK DOVR WHUPLQDWH 7KLV
SDWWHUQ LV FRQWLQXHG UHFXUVLYHO\ XVLQJ WKH 3HDQR RU = RUGHULQJ RI WKH IRXU
VXETXDGUDQWVDWHDFKQHZOHYHO(YHU\EUDQFKWHUPLQDWHVHYHQWXDOO\DW WKH
³OHDI´OHYHOHDFKTXDGUDQWLVDSXUHTXDGUDQW,IZHZHUHWRH[SDQGDOOVXE
WUHHV LQFOXGLQJ WKRVH IRU SXUH TXDGUDQWV WKHQ WKH OHDI VHTXHQFH LV MXVW WKH
3HDQRRUGHULQJRU= RUGHULQJRIWKHRULJLQDOUDVWHULPDJH7KXVZHXVHWKH
QDPH3HDQR&RXQW7UHH  3WUHH7KLV VWUXFWXUHSURYLGHV FRPSUHVVLRQ DQG
HPEHGGHG LQIRUPDWLRQ WKDW LV QHHGHG WR GR JHQRPLF GDWD PLQLQJ 3WUHHV
GHILQHGDERYHFDQEHFRPELQHGXVLQJVLPSOHORJLFDORSHUDWLRQV> $1'127
25&203/(0(17@ WRSURGXFHDGGLWLRQDO3WUHHVIURPWKHRULJLQDOYDOXHV
IURPHDFKEDQGEDQGYDOXHYZKHUHYFDQEHH[SUHVVHGLQELWELWRU
ELWSUHFLVLRQ3HUUL]RHWDO3HUUL]RHWDOD8VLQJWKLVDSSURDFK
ZH GHULYH H[SUHVVLRQ 3WUHHV (3WUHHV DQG UHSUHVVLRQ 3WUHHV 53WUHHV
GHILQHGE\WKHUHGJUHHQLQWHQVLW\RIHDFKVSRWWKDWDUHVLJQLILFDQWO\DERYHRU
EHORZRIWKHUHIHUHQFHJHQHVVSRWWHGRQDPLFURDUUD\
3WUHHV DUH D ORVVOHVV DQG FRPSUHVVHG GDWD VWUXFWXUHV WKDW FDQ EH XVH WR
FRQVWUXFWD³VXSHUFKLS´ZKLFKLVGHULYHGIURPPXOWLSOHH[SHULPHQWVLQRXU
FDVH GDWD JHQHUDWHG IURP UHVHDUFKHUV RI 9LUWXDO &HQWHU IRU +\SR[LF DQG
$QR[LF 5HVHDUFK ZZZQGVXHGXYLUWXDOJHQRPLFV 7KH %LRORJLF 5HVHDUFK
$SSOLFDWLRQDQG ,QIRUPDWLRQ1HWZRUN %5$,1 LQWHJUDWHV GLIIHUHQW VRXUFHV
RIJHQHH[SUHVVLRQXVLQJDGLVWULEXWHGGDWDV\VWHP''67KH''6LVD- DYD
V\VWHPWKDWPDNHVXVHRI- '%&DQG; 0/WRFRQQHFWGLVSDUDWHGDWDEDVHVDQG
DOORZ WKHP WR EH TXHULHG DV RQH V\VWHP ''6 DOORZV WKH LQWHJUDWLRQ RI
GLIIHUHQW GDWD VRXUFHV DQG WKH WUDQVODWLRQ RI GLIIHUHQW GDWD IRUPDWV VXFK DV
&69 FRPPD VHSDUDWHG YDULDEOH ILOH ; 0/ RU WKH WDEOHV RI UHODWLRQDO
GDWDEDVHV7KURXJKWKHXVHRIGUDJDQGGURSWKHXVHULVDEOHWRDVVRFLDWHLQSXW
IURPYDULRXVVRXUFHVZLWKH[LVWLQJWDEOHVDQGWKHQJHQHUDWHVWKH64/QHHGHG
WRLQVHUWWKHGDWD:KLOHWKHV\VWHPVDOORZHDFKUHVHDUFKHUNHHSDQGGHYHORS
WKHLU RZQ GDWDEDVH LW GRHV QRW UHTXLUH FKDQJLQJ WKHLU H[LVWLQJ GDWDEDVH
VFKHPDV 7KDQNV WR %5$,1 JHQH H[SUHVVLRQ GDWD LV UHSUHVHQWHG LQ
PXOWLGLPHQVLRQDOIDVKLRQ
& RQV LGHUDWLRQV  WR XV H DV V RFLDWLRQ UXO HPLQLQJ  WHFKQLT XHV  IRU PLFURDUUD\
GDWD
$VVRFLDWLRQUXOH PLQLQJ LV D ZLGHO\ XVHG WHFKQLTXH IRU ODUJHVFDOH GDWD
PLQLQJZLWKDSSOLFDWLRQVLQGLIIHUHQWDUHDVLQFOXGLQJPDUNHWEDVNHWUHVHDUFK
LQVXUDQFHIUDXGLQYHVWLJDWLRQFOLPDWHSUHGLFWLRQDQGUHPRWHVHQVLQJUHVHDUFK
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$QDVVRFLDWLRQUXOHLVDUHODWLRQVKLS; <ZKHUH;LVWKHDQWHFHGHQWLWHP
VHWDQG<LVWKHFRQVHTXHQWLWHPVHW,QPLQLQJIRUWKHVHUXOHVWKHXVHUGHILQHV
DWKUHVKROGFDOOHGFRQILGHQFHZKLFKWKHLPSOLFDWLRQPHDVXUHGLQWHUPVRID
FRQGLW LRQD O S U RE D E LOLW \  PXVW H[FHHG 7KH SULPDU\ WDVN KHUH LV WR LGHQWLI\
IUHTXHQW LWHP VHWV WKDW DUH VHWV RI GDWD SRLQWV RFFXUULQJ ZLWK DW OHDVW D
PLQLPXPIUHTXHQF\FDOOHG P LQLP X P V X S S RU W 2QFHWKHIUHTXHQWLWHPVHWVDUH
LGHQWLILHG WKH DVVRFLDWLRQ UXOHV DUH IRUPXODWHG 7R DFFRPSOLVK WKLV WDVN
GLIIHUHQW DOJRULWKPV KDYH EHHQ GHYHORSHG LQFOXGLQJ $SULRUL &KDUP )7
JURZWK&ORVHW0DJQXP2SXVHWF ,W LVDUJXHG WKDW WRGD\¶ VDVVRFLDWLRQUXOH
PLQLQJDOJRULWKPVDUHDEOH WRHIILFLHQWO\SUXQHGDWD VHWV +LSSHWDO
+RZHYHU RQH RI WKH JUHDWHVW FKDOOHQJHV LQ XVH DVVRFLDWLRQ UXOHPLQLQJ IRU
JHQHH[SUHVVLRQGDWDDQDO\VLVLVWKHLPPHQVHODUJHWKHRUHWLFDOUXOHVWKDWQHHG
WREHFRQVLGHUHG7KLVLVDFRQVHTXHQFHRIDOOSRVVLEOHFRPELQDWLRQVRIJHQH
H[SUHVVLRQXQGHUGLIIHUHQWFRQGLWLRQVWHPSRUDOVSDWLDODQGH[SHULPHQWDO,Q
DGGLWLRQ QRW DOO DVVRFLDWLRQ UXOHV GLVFRYHUHG ZLWKLQ D WUDQVDFWLRQ VHW DUH
LQWHUHVWLQJRUXVHIXO=KHQJHWDO
0LFURDUUD\ WHFKQRORJ\ LV VWLOO XQGHU GHYHORSPHQW +RZHYHU WKLV WHFKQLTXH
SURYLGHVXVZLWKWKUHHEDVLFNLQGVRI LQIRUPDWLRQ L WKHJHQHH[SUHVVLRQRU
UHSUHVVLRQLLJHQHH[SUHVVLRQRUUHSUHVVLRQOHYHODQGLLLWKHLQWHUDFWLRQRID
SDUWLFXODUJHQHZLWKRWKHUJHQHV,IZHXVHLQWHJUDWLYHGDWDDUFKLWHFWXUHVOLNH
%5$,1 ZH FDQ XVH DVVRFLDWLRQ UXOH PLQLQJ WR GHWHUPLQH WKH P LQLP X P
V X S S RU W YDOXHIRUDJHQHDQGVXEVHTXHQWO\IRUDJURXSRIJHQHVE\FRXQWLQJ
WKHLU RFFX U U HQFHV LQ D JHQRPLF GDWDEDVH SUHYLRXVO\ GHILQHG DV WKH ³VXSHU
FKLS´$OWKRXJKKHUHZHGRQRWSUHVHQWWKHSHUIRUPDQFHRIDVVRFLDWLRQUXOH
PLQLQJDOJRULWKPVLQJHQHH[SUHVVLRQGDWDPLQLQJZHSURSRVHWKHEDVHVIRU
LWVDSSOLFDWLRQ$VVRFLDWLRQUXOHPLQLQJFDQEHXVHGIRU'1$PLFURDUUD\GDWD
PLQLQJLQDKLHUDUFKLFDOIDVKLRQLIZHWDNHLQFRQVLGHUDWLRQWKHFRPSOH[LW\RI
ELRORJLFDOV\VWHPV:HDUJXHWKDWWKHJHQHWLFFRQVWLWXWLRQRIDQRUJDQLVP.
LVUHSUHVHQWHGE\DWRWDOQXPEHURIJHQHVEHORQJLQJWRWZRGLIIHUHQWJURXSV
7KHUHDUHFRQVWLWXWLYHJHQHVH[SUHVVHGRUUHSUHVVHGGXULQJWKHOLIHVSDQRIDQ
RUJDQLVP7KHVHJHQHVKDYHDVLPLODUOHYHORIWHPSRUDODQGVSDWLDOH[SUHVVLRQ
DQGLQPDQ\FDVHVDUHFRQVHUYHGDQGKDYHVLPLODUIXQFWLRQLQRWKHUVSHFLHV
7KH\ DUH WKH ILUVW JHQH JURXSRIRXUPRGHO JHQHV ; FRQVWLWXWHG E\ JHQHV
;;Q DQGUHSUHVHQWHGDVRUGHSHQGLQJLIWKHJHQHZDVH[SUHVVHGRUQRW 
7KHRWKHUJURXSLQRXUPRGHOJHQHV <DUHH[SUHVVHGRUUHSUHVVHGLQVSDWLDO
DQG WHPSRUDO IDVKLRQ VSHFLILF WLVVXH RUJDQ GHYHORSPHQWDO VWDJH DQG
HQYLURQPHQWDOFRQGLWLRQ7KHJHQHVEHORQJLQJ WRWKLVJURXSDUH VSHFLHDQG
HYHQJHQRW\SHVSHFLILF 7KLVJURXSRIJHQHVLVUHSUHVHQWHGLQ OHYHOVDVYHU\
KLJK H[SUHVVLRQ KLJK H[SUHVVLRQ YHU\ KLJK UHSUHVVLRQ RU KLJK UHSUHVVLRQ
+RZHYHU<JHQHVDUHPRGXODWHGE\WKHSUHVHQFHDQGFRPELQDWLRQRIJHQHV
SURGXFWVRIWKHJURXS;
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5 HPDUN V
'1$PLFURDUUD\WHFKQRORJ\LVXVHGE\GLIIHUHQWODERUDWRULHVZLWKWKHDLPWR
PHDVXUH WKH WHPSRUDO DQG VSDWLDO JHQH H[SUHVVLRQ RI GLIIHUHQW RUJDQLVPV
VXEMHFWHG WR GLYHUVH H[SHULPHQWDO VHWWLQJV$V WKH GDWD JURZV WKH QHHG IRU
SXEOLFUHSRVLWRULHVDQGLQWHJUDWLYHDUFKLWHFWXUHV LVEHFRPLQJHYLGHQW ,Q WKLV
SDSHUZHSUHVHQWHGWKHE64IRUPDWDQG3WUHHWHFKQRORJ\WRJHQHUDWHORVVOHVV
DQG ³GDWDPLQLQJ UHDG\´ UHSUHVHQWDWLRQV RIPLFURDUUD\ LPDJHV:H WDNH LQ
FRQVLGHUDWLRQWKHFRPSOH[LW\RIELRORJLFDOV\VWHPVDQGDVVXPHWKDWJHQHVFDQ
EH VHSDUDWHG LQ WZR GLIIHUHQWPDLQ JURXSV DQG WKDW DVVRFLDWLRQ UXOHPLQLQJ
FDQEHDSSOLHG IRUJHQH H[SUHVVLRQGDWDDQDO\VLV+RZHYHU WKH E64DQG3
WUHHWHFKQRORJ\FDQEHXVHGZLWKRWKHUFODVVLILFDWLRQRUFOXVWHULQJWHFKQLTXHV
5 HIHUHQFHV
 +LSS-* QW]H80DNKHHL]DGH*$OJRULWKPVIRUDVVRFLDWLRQ
UXOHPLQLQJ± $JHQHUDOVXUYH\DQGFRPSDULVRQ6,*. '' 
 3HUUL]R:'LQJ4'LQJ'5R\$2QPLQLQJVDWHOOLWHDQG
RWKHU5HPHWHO\6HQVHG,PDJHV'0. '
 3HUUL]R:3HDQR&XQW7UHH 7HFKQROJ\7HFKQLFDO5HSRUW1'68
&62575
 =KHQJ = . RKDYL 5 0DVRQ /  5HDO :RUOG 3HUIRUPDQFH RI
$VVRFLDWLRQ5XOH0LQLQJ. ''
